We study the effect of product market volatility on a firm's choice between multiskilling and specialization. We construct a theoretical model that captures the tradeoff between multiskilling (which gives greater flexibility to reassign workers in production) and specialization (which provides workers with the expertise to respond to product market signals in their area of specialty). Using data from the 2004 WERS, a nationally-representative cross section of British establishments, we find that greater volatility is associated with greater specialization. This result holds both inside and outside of manufacturing, but consistent with our model, it holds only in multi-product establishments and not in single-product ones.
I. INTRODUCTION
A fundamental question in job design is whether employers should have workers specialize in certain tasks or whether workers should be multiskilled so that they are able to perform multiple tasks. Two broad perspectives might be taken concerning the benefits of multiskilling relative to specialization. The first, which we refer to as the "flexibility perspective," is that a key advantage of multiskilling relative to specialization is flexibility in labor allocation. That is, if workers are multiskilled, they are able to switch quickly from one task to another in response to changing production requirements or product demand. The second, which we refer to as the "productivity perspective," concerns the benefits of specialization that have been well known since Smith (1776) . That is, specialized workers, either due to more intensive training or due to more focused learning-by-doing, are more skilled at the task they are specialized in than are workers whose training and labor are spread across multiple tasks. This suggests that specialized workers will have deeper knowledge of a given task and will be more productive at it than will multiskilled workers, who are "jacks of all trades and masters of none." 1 In this paper we explore, theoretically and empirically, how the relative benefits of multiskilling versus specialization change when the market for a multiproduct firm's products (or services) becomes more volatile. We argue that as product market volatility increases, so does the importance of being able to innovate-to adjust product specifications in response to changing market conditions. 2 Since workers specialized in one good know their product better than multiskilled workers, whose training is spread across multiple goods, specialists have a productivity advantage in their greater ability to adapt their product to changing market conditions. Therefore, we argue that as product market volatility, 1 The "jack of all trades, master of none" notion that it is rare for someone who is excellent in one activity to be excellent in another is quite intuitive. A formal argument establishing the result can be found in Lazear (1998), pp. 469 -473. 2 Changing product specifications can occur in both manufacturing and non-manufacturing contexts, and can involve formal product changes (e.g. those involving creation of a new model of the product) or tailoring a good or service to a particular client need. For example, a lawyer specializing in divorce law is likely to be more capable than a generalist lawyer of crafting an innovative negotiation strategy on behalf of her client. and hence the need for innovation, increases, so does the importance of the productivity perspective relative to the flexibility perspective. This in turn implies that as volatility rises, firms will engage in less multiskilling and more specialization.
We present a simple theoretical model that incorporates both the flexibility and productivity perspectives and illustrates the tradeoffs between multiskilling and specialization. We demonstrate that for most plausible parameter values, firms decrease multiskilling as product market volatility rises. Then, in an empirical analysis of a large, nationally-representative cross section of British employers, we present evidence consistent with our theoretical model that product market volatility is, on average, associated with a lower degree of multiskilling. Also consistent with our theoretical model, we find that this result holds for multiproduct firms but not for single-product firms.
Additionally, we show that the result holds both inside and outside of manufacturing. The fact that the result holds strongly outside of manufacturing is interesting. While the job design literature has focused heavily on manufacturing, that sector has declined in recent decades, and less than 13 percent of the establishments in our 2004 sample are in manufacturing. Given the trends in the modern economy, we see it as important for the job design literature to move beyond a narrow focus on the manufacturing sector, and our paper is a step in that direction.
The idea of innovation used in this paper warrants a brief discussion. We argue that specialized workers have a productivity advantage over multiskilled workers because their expert knowledge of a given product makes them better at adapting that product to changing consumer demand. This adaptation, or product innovation, can take the form of changing the product in small ways or large. And the adaptation can be done either at the instruction of a manager-in which case the specialist's expertise makes her more capable of implementing the manager's instructions-or the adaptation can be instigated by the worker herself, as in the case of delegated authority.
In assuming that specialists have superior innovation skills, we are implicitly distinguishing between product innovation (the adaptation of a product in response to changing market signals), and process innovation (such as occurs when workers suggest cost-cutting measures-for instance in the case of continuous process improvement). We argue that specialists are better at product innovation, while multiskilled workers are likely better at process innovation (this latter point has been suggested by various authors, including Koike (1985) , Aoki (1986) , and Morita (2005)). Our data explicitly address product market volatility, so our use of the term innovation throughout this paper will refer to product innovation. We discuss this distinction further in Section IV.
Our model concerns the training decision of a two-product firm operating over two periods and employing two ex ante identical workers. Product market volatility comes in the form of changing consumer demand for product specifications, which requires innovation by the firm's workers and which may lead the firm to want to reallocate labor as relative profitability of the goods changes. In the first period workers can both be trained to produce both goods (i.e. multiskilled) or one can be trained to produce one good and the other to produce the other good (i.e. specialized). In the second period, the firm learns the latest product specifications demanded by consumers for each of the two goods it produces. The firm's workers must innovate to meet these latest specifications. Multiskilled labor can innovate up to a point. However, if the specifications demanded by consumers require an extremely high level of innovation, only workers specialized in that good can perform the necessary innovation. This means that a firm that multiskills its labor force risks being unable to produce one or both goods, if the level of innovation required is extremely high. On the other hand, if the level of innovation required of the firm's workers is such that it is feasible to produce both goods, the firm then has the flexibility to assign both multiskillled workers to the more profitable good. In our model, which assumes a degree of product differentiation, firms offering more innovative goods can charge a premium for their innovation.
Hence more innovative goods are more profitable.
An example of how a firm's choice of multiskilling versus specialization can be affected by product market volatility will serve to make these ideas more concrete. Consider a firm that provides business consulting services. Suppose that it provides clients with services in two areas of business consulting-management strategy and human resources consulting. This firm could train all its workers to do both management strategy and human resources consulting (hence multiskilling its workforce), or it could specialize workers in each area. Suppose that ex ante, the expected profitability of each consulting area is equal, but ex post, one area will turn out to have consumers who demand particularly innovative solutions and are willing to reward such innovation with a higher price.
In a relatively stable product market, the degree of innovation required by clients is not likely to be particularly high, ex post, and the expected difference in ex post profitability between services offered will be small. Hence the return to innovation will be low, as will the return to flexibility in labor allocation.
If product market volatility rises, uncertainty about client needs rises. The possibility of clients demanding highly innovative services increases, thus raising the return to specialized workers. On the other hand, relative differences in ex post profitability of the firm's services also rise, thus raising the return to flexibility in labor allocation. Similar examples are found in a diverse range of employment settings, from manufacturing to services, where employers face a tradeoff in their choice of training mix between the flexibility advantage of multiskilled workers and the productivity advantage of specialists. In our model, for most plausible parameter values, the return to innovation rises faster than the return to flexibility. As a result the productivity perspective on multiskilling dominates-that is, as product market volatility rises, firms tend to choose specialization over multiskilling. The theoretical prediction is confirmed by our empirical results.
The key theoretical contributions of our paper are 1) examining the role of product market volatility in the firm's decision to multiskill workers, which has not been addressed in the literature to date; 2) highlighting productivity gains from specialization, which have been underemphasized in the literature on multiskilling;
3) highlighting gains from multiskilling in the form of flexible labor allocation, which have also been underemphasized in the literature; and 4) drawing a link between specialization and increased product innovation by workers.
The key empirical contributions of our paper are 1) testing a new theory of multiskilling and providing empirical results consistent with that model and with the existing theoretical literature; 2) introducing a new stylized fact to the job design literature-that higher levels of product market volatility are associated with less multiskilling in multi-product establishments; and 3) providing empirical results that, because they are based on a nationally-representative sample of establishments in Britain, can be demonstrated to be applicable across sectors and firm sizes. Thus, our paper contributes to the broadening of the empirical job design literature beyond manufacturing, a sector that has long been in relative decline in most developed economies.
Following the presentation of our main empirical results, in Section IV we discuss how our findings relate to the existing literature on multiskilling. We note some novel theoretical predictions that result from synthesizing our findings with the existing literature and test two of these predictions empirically. In particular, we integrate our theory with that of Morita's (2005) paper on continuous process improvement, providing empirical tests of both integrative extensions.
II. A THEORETICAL MODEL
One perspective is that multiskilling allows firms to flexibly reallocate labor in response to changing demand conditions. We refer to this as the "flexibility perspective." Another perspective is that specialization gives workers deep expertise that enables them to innovate and rapidly tailor products and services to the changing specifications demanded by consumers. This ability to innovate, deriving from intensively specializing in one area, is lacking in multiskilled workers who are "jacks of all trades and masters of none." We refer to this second perspective as the "productivity perspective." We now present a model that incorporates both perspectives and describes how their relative importance, and the firm's decision to multiskill or specialize its workers, changes when the degree of product market volatility increases.
Consider a firm that has two tasks (A and B) which we shall think of as separate products or services. The firm employs two ex ante identical workers. The model consists of two periods. We assume that product differentiation is the source of at least some degree of market power in the product market.
In the first period, the employer makes training decisions (i.e. deciding whether each worker will be trained on a separate product or whether they will both be trained on both products) without knowledge of what the specifications will be of the products/services demanded in the next period. The employer must pay a per-worker training cost of c to train a worker. A worker's training can be spread across both products, in which case we refer to the worker as multiskilled. Or the training can be focused entirely on one product, in which case we refer to the worker as a specialist. 3
In a relatively stable product market, product specifications demanded by consumers will not change dramatically from one period to the next, so relatively low levels of innovation will be required from the firm's workers in the second period. But in a volatile product market, product specifications demanded by consumers can change dramatically. In these instances, a considerable level of worker innovation is needed in the second period to execute production to meet the specifications demanded by consumers. The firm knows that if it can successfully meet the product specifications it will be able to charge a higher price to consumers, whereas if it cannot tailor the product so as to meet demand it will be unable to sell at all.
In the second period, the employer observes the specifications at which products are demanded and can allocate labor accordingly to products A and B.
Workers can only produce a product if they were trained on it in the previous period. When making first-period training decisions, the employer observes the distribution from which the degree of "innovation required to meet the demanded product specifications" is drawn. We normalize to zero the average degree of innovation required. Thus, positive realizations reflect a greater-than-average level of innovation required, and negative realizations reflect a smaller-than-average level. Henceforth, we refer to a draw from this distribution as the "degree of innovation required", where it is understood that this degree is "relative to the average." The two realizations (one for each product) from this distribution are independent and are observed at the start of the second period. Let the degree of innovation required be denoted Ij for product j, which is distributed uniformly on [-α, α] , where 0 < α ≤ p, and p is the baseline, or expected, price of product j when the average level of innovation is required. An increase in α is interpreted as an increase in the degree of product market volatility.
If the innovation realization is negative then the firm charges less for the product, whereas when the realization is positive, the firm charges more as long as it is able to meet the specifications. If the degree of innovation required is sufficiently high (i.e. above a critical threshold, k, where 0 ≤ k ≤ α) then multiskilled labor is unable to produce the good at all, meaning the firm can produce and sell it only if there are specialized workers. Only specialized workers, with their deep expertise, possess sufficiently high innovation to enable them to meet demand in these instances, and when that happens, the firm can charge a higher price for the product. Product prices are given by pj = p + Ij, meaning both prices are distributed independently and uniformly on [pα, p + α] with expected price of p for each product. Since the product prices are i.i.d., there is no reason for the employer to prefer one product over the other when making first-period training decisions.
Thus, if specialization is chosen, then one worker will be trained on product A and the other on product B. Once trained on a particular product, an individual worker's productivity on that product is V, unless the worker is multiskilled and the degree of innovation required exceeds k, in which case productivity is zero.
The employer is pre-committed to paying a fixed wage, w, to all workers in the second period, regardless of whether they are multiskilled or specialized, regardless of what they produce, and regardless of whether second-period revenue is large enough to offset the wage bill. This gives rise to the possibility that realized second-period profit can be negative for sufficiently low realizations of prices. The assumption is made for simplicity and is not essential for the results.
The key tradeoff the employer faces when making first-period training decisions is flexibility versus productivity. If both workers are multiskilled, then if the realized price of product A is higher than the realized price of product B, both workers can be assigned to product A, and vice versa, so long as extremely high levels of innovation (i.e. Ij > k) are not required. In contrast, if the workers are specialized, then only one worker is trained to produce the product for which the realized price is higher. So in the multiskilling case, in the second period both workers can, in many cases, be assigned to the product for which the realized price is higher. The downside to multiskilling is that, given that workers are trained on both products, they become "jacks of all trades and masters of none." For levels of required innovation in the "normal" range (i.e. Ij < k) this is not a problem. But with some probability, market demand will be such that a very high degree of innovation is required to tailor product specifications to consumer tastes, and in those cases, only specialized labor possesses the skills needed to produce. Thus, the risk that the employer runs by choosing multiskilling is that very high levels of innovation will be required on one or both of the products. If high innovation is required on one product, then both multiskilled workers will (out of necessity) be assigned to the other product. If high innovation is required on both products, then a firm in which both workers are multiskilled cannot produce at all. In contrast, specialized workers can always produce the product they are trained on, regardless of the required level of innovation.
Let πS and πM denote the employer's profit given that its workers are specialized and multiskilled, respectively. Expected profit from specialization is:
Expected profit from multiskilling is:
, or the expected value of the second order statistic based on two draws from the uniform distribution on [pα, p + k]. We assume that V is large enough so that max[E(πM),E(πS)] > 0, which guarantees that the firm operates. Then the employer chooses multiskilling when making first-period training decisions if E(πM) > E(πS), which reduces to:
Letting fα and fαk ∂f/∂α and ∂ 2 f/∂α∂k, the main result is:
Proposition 1:
i) If k = 0, the firm chooses specialization ∀α.
ii) If k = α, the firm chooses multiskilling ∀α. The parameter k captures the relative importance of the productivity perspective versus the flexibility perspective. When k = 0, the productivity perspective is at maximal importance, since specialized workers are needed to produce even when the level of required innovation is only slightly above average.
Given that multiskilled labor is unable to produce at all for any above-average levels of required innovation, the firm never multiskills its workers, regardless of α. At the other extreme, when k = α, the productivity perspective vanishes from the model, since there exists no level of required innovation beyond which specialized workers would have a productivity advantage over multiskilled workers. 4 Point iii) of the proposition shows that the firm's propensity to multiskill its workers is decreasing in the degree of product market volatility, which is the main result of the paper. The threshold α' increases with k, because increases in k diminish the importance of the productivity perspective, thereby expanding the range of values of product market volatility over which the firm finds it profitable to choose multiskilling.
The theoretical model characterizes the problem facing a single employer.
To apply the model to analyze a cross section of employers, we incorporate establishment-level heterogeneity by attaching a subscript i to the parameters of the theoretical model, where i indexes establishments. Then, we can rewrite (1) as:
(
Next, approximating f(αi) by the latent index yi * ≡ Xiβεi, where Xi is a vector of observed employer characteristics (including a proxy for αi, measuring the degree of product market volatility faced by establishment i), β is a vector of parameters to be estimated, and εi is a random variable with the standard normal distribution, we have the following probit model:
where Ф denotes the standard normal cumulative distribution function, and yi is a binary indicator equaling 1 if establishment i chooses multiskilling and 0 if establishment i chooses specialization.
The primary question we address in our analysis is how the employer's multiskilling-versus-specialization decision varies with volatility in the product market. The statistic of interest is, therefore, the average value of the marginal effect ∂Ф(Xiβ)/∂αi across all sample observations in the cross section. From Proposition 1, we would expect a negative sign on this statistic. With the exception of a small group of workers in "skilled metal and electrical trades", this is in fact the case, as we show empirically in the following section. 5 Our measure of multiskilling is the answer to the following question:
III. DATA AND EMPIRICAL ANALYSIS
"Approximately, what proportion of [workers in the establishment's largest occupational group] are formally trained to be able to do jobs other than their own?"
From this we define the following discrete response variable: The distribution of responses for Multiskilling is displayed in Figure 1 .
The following binary measure captures volatility in the product market: Volatility = 1 if the current state of the market for the main product or service of the establishment is described as "turbulent" (= 0 otherwise) 6
Note that the volatility measure allows for volatility in services as well as products.
A limitation of the measure is that it permits a diversity of interpretations of "turbulence", including interpretations that might differ from the notion of volatility in our theoretical model.
An alternative interpretation of product market volatility could be one of volatility in the quantity of goods demanded from the firm by its customers. This differs from volatility in the specifications of the product demanded by its customers, which is the notion of volatility in our theoretical model. A firm facing the first type of volatility (quantity volatility) is uncertain how much it will have to produce in the future. A firm facing the second type of volatility (product specification volatility) is uncertain what the goods it produces will look like in the future.
Throughout our analysis, we assume that firms reporting product market volatility may be experiencing either or both forms of volatility but that, on average, product specification volatility (the form of volatility that we model) is an important dimension of product market volatility reported by firms in our data. In part, we assume this because the data on volatility that we use are derived from a question in which the interviewee is asked whether her firm's product market is presently growing, mature, declining, or turbulent. We denote firms facing a "turbulent" product market as experiencing product market volatility. Since interviewees are likely to interpret "growing" and "declining" as referring largely to quantity, it seems likely that "turbulent" captures other aspects of product market conditions, including product specification volatility, to a significant degree. Note that even if the notion of product market volatility in our data differs somewhat from the notion 6 Other possible responses were "growing", "mature", or "declining." in our theoretical model, this should simply make the empirical finding more difficult to discern.
Descriptive statistics for all variables in the analysis are displayed in Table 1; we use establishment sampling weights when computing the statistics in this table and in all of our subsequent analyses. Some of the variables contain missing values, and we estimate all of our models using listwise deletion. 7 Our analyses include controls for industry and employer characteristics, defined in the appendix.
We start with analysis based on the full sample and then show how our main result is significantly sharpened by some subsequent refinements of the analysis sample. The first column of Table 2 displays coefficients from an ordered probit model using Multiskilling as the dependent variable, with the incremental effects of an increase of Volatility from 0 to 1 appearing in the lower portion of the table. The main result is that, controlling for establishment characteristics, higher volatility in the product market is associated with a lower probability of multiskilling (and therefore a higher probability of specialization). This result is consistent with the main case of 0<k<α in the theoretical model of Section II. The result is quantitatively significant but estimated with modest precision. More specifically, the incremental effect of an increase in Volatility from 0 to 1 is associated with an increase of 7.5 percentage points in the probability that no multiskilling is used in the establishment's largest occupational group. The base probability that no multiskilling is used is 0.40, so 7.5 percentage points represents an increase of 19 percent in the probability that no multiskilling is used. The z-statistic associated with this incremental effect is 1.53, so it is statistically significant at the ten percent level for a one-tailed test.
Further analysis reveals that the relationship between volatility and multiskilling is reversed for a small set of establishments for which the largest occupational group is the two-digit category "skilled metal and electrical trades". 8 7 In Table 1 , we use all available observations for each variable to compute summary statistics. Analogous tables that compute summary statistics based on the smaller subsamples on which the multivariate statistical models are estimated closely match Table 1 . 8 These include (at the three-digit level) metal forming, welding, and related trades; metal machining, fitting, and instrument making trades; vehicle trades; and electrical trades.
For this group the incremental effect of an increase in Volatility from 0 to 1 is associated with a decrease of 45 percentage points (z=-2.79) in the probability that no multiskilling is used in the establishment's largest occupational group. Because the relationship between volatility and multiskilling is strongly positive for this small group and negative for the remainder of the sample, pooling all observations would misleadingly mask this stark difference. For this reason, in the subsequent analysis we exclude this small group of establishments while clearly acknowledging that our theory cannot explain the result for this group. 9 Excluding only those 78 establishments from the sample and re-estimating our model yields the results in the second column of Table 2 . The main result is significantly strengthened in both an economic and statistical sense (the incremental effect increases from 7.5 percent to 10.8 percent with a z-statistic of 2.12, so the percent increase in the probability that multiskilling is not used increases from 19 percent to 27.3 percent).
The fundamental tradeoff underlying our theoretical model of multiskilling is the benefit of flexibility versus the cost of having workers who are "jacks-of-alltrades and masters of none". We formalize this idea by developing a model of a twoproduct production process, suggesting that our empirical analysis should also be based on multi-product firms. The survey allows us to stratify our sample based on "single product" versus "multi-product". 10 Table 3 displays ordered probit results for the multi-skilling model. Column 1 is for multi-product establishments and column 2 is for single-product establishments. Consistent with our theoretical model, the main empirical result is strengthened in the multi-product subsample 9 In a modified version of our model, if this group were characterized by higher per-worker training costs for multi-skilled workers than for specialists, and if k = α so that the productivity perspective vanishes from the model, then the firm would hire specialists for sufficiently small α and would otherwise hire multiskilled labor, thereby explaining the result for this group. Intuitively, the reason why the firm's likelihood of multiskilling in this case would be increasing in α is that the advantage to the firm of being able to allocate all of its labor to the more profitable good is increasing in the expected profitability of the most profitable good (i.e. the expected value of the maximum order statistic is increasing in the variance of the underlying distribution), and this advantage would ultimately overwhelm the higher training costs for multi-skilled workers. While we note this as a theoretical possibility, we do not emphasize the point given that k = α is an extreme parameterization and that is unclear why it would apply to this group (and only this group). 10 The survey question is: "Is the output of this establishment concentrated on one product or service or are there several different products or services?" Responses are either "Single product or service" or "Different products or services".
(versus the full sample) and it disappears in the single-product subsample. In the multi-product sample (column 2), the incremental effect on the probability of no multiskilling is 0.175 (z=2.78) which, from a base probability of 0.34, implies an increase of 51.5 percent in the probability of no multiskilling. In the single-product sample (column 4), the incremental effect is only 0.013 and is far from statistically significant (z=0.16). We view the subsample in column 2 of Table 3 and productivity that we model in Section 2 is applicable to a wide range of goods, services, and sectors in the economy. Table 4 displays results of our model in multi-product establishments for a manufacturing subsample (column 1) and a non-manufacturing subsample (column 2). In manufacturing, the incremental effect of Volatility on the probability of no multiskilling is 0.393 (z = 2.50), with a base probability of 0.23, implying a 169 percent increase in the probability of no multiskilling. In non-manufacturing, the incremental effect is 0.159 (z = 2.24), with a base probability of 0.346, implying a 46 percent increase in the probability of no multiskilling. While the estimates suggest that evidence of our main result is stronger in manufacturing than outside, the 11 While the manufacturing sector is relatively small overall, and declining, Eriksson and Ortega (2006) note that broad job designs (i.e. job rotation) are more prevalent in the manufacturing sector than outside it, so it is reasonable to question how important our research question is outside the context of manufacturing. We find in the WERS data that multiskilling is more prevalent in manufacturing than outside of manufacturing, though the difference is not dramatic. More precisely, the distribution of establishments across the seven multiskilling categories [recalling that 1="None (0%)"; 2="Just a few (1-19%)"; 3="Some (20-39%)"; 4="Around half (40-59%)"; 5="Most (60-79%)"; 6="Almost all (80-99%)"; 7="All (100%)" ] is (0.33, 0.16, 0.15, 0.07, 0.09, 0.07, 0.13) for manufacturing and (0.41, 0.19, 0.12, 0.09, 0.04, 0.04, 0.11) for non-manufacturing.
important point is that the result is clearly present in both sectors and that it is both economically and statistically significant.
To summarize our results, we find that higher product market volatility is associated with less multiskilling (i.e. more specialization) for most firms in our sample, consistent with the predictions of our theoretical model for most plausible parameter values. This result exists for multi-product establishments but not for single-product establishments, also consistent with our theoretical model. The result goes in the opposite direction (i.e. higher volatility is associated with more multiskilling) for a small set of establishments for which "skilled metal and electrical trades" is the largest occupational group. We also find that the main result is not specific to manufacturing; it is clearly present in both manufacturing and nonmanufacturing subsamples.
IV. DISCUSSION AND FURTHER ANALYSIS
Some natural extensions arise from synthesizing our findings with the existing literature on multiskilling. In this section we discuss some of these extensions, providing additional empirical evidence, and then turn to a more general discussion of our approach and findings and how they relate to the existing literature. Morita (2005) notes that firms employing continuous process improvement need workers who understand the production process beyond a narrow area of specialization. Job rotation provides workers with the broad understanding needed to contribute productivity-enhancing ideas to management. 12 Furthermore, when firms provide workers with a large amount of firm-specific human capital, those workers become less subject to poaching by other firms, reinforcing the returns to training investments made by the firm through job rotation (Morita 2001 (Morita , 2005 .
Combining Morita's model with an assumption about how continuous process improvement varies with product market volatility offers a potential alternative explanation for our main empirical result. In particular, it can be argued 12 Gibbs et al. (2007) make a similar point when they argue that "combining interdependent tasks in a job may enable the worker to learn process improvements." that the returns to continuous process improvement are higher when the product market is more stable. When the product market is stable, process improvements, which Morita (2001) defines as involving "a number of small changes and modifications," yield dividends for many periods into the future. By contrast, in a volatile market, dividends from small improvements are short lived because heavily modified (or entirely new) processes are required with high frequency. 13 Thus, one might expect that increased product-market volatility would reduce the incentive for employers to engage in continuous process improvement and hence job rotation (and multiskilling, which is a necessary prerequisite to job rotation).
To verify whether employers engage less in process improvement practices in the face of product-market volatility, we estimate an empirical model of the role of product-market volatility in determining whether establishments employ quality circles. 14 We estimate a probit model using a dummy variable for the use of quality circles (=1 if the establishment uses quality circles) as the dependent variable and product-market volatility as an independent variable, including the same controls as in our previous specifications. Estimates of this model are given in Table 5 . The coefficient on Volatility is negative and statistically significant, providing evidence that a highly volatile product market is indeed associated with less continuous process improvement. Quantitatively, volatility is associated with a decrease of 7.6 percentage points (or 53 percent) in the probability that quality circles are used.
This evidence empirically supports the assumption that, when combined with Morita's model, could potentially explain the main empirical result in Table 2 .
However, in contrast to the model of Section II, the alternative explanation would appear to apply equally well to single-product and multi-product establishments, whereas in Table 3 we find a stark difference between these two types of 13 For example, volatility in the product market might reflect rapidly changing consumer tastes with respect to the quality or type of product or service demanded. Thus, today's process for producing a good or service of a particular type and quality level might become obsolete if the product is demanded at a different quality level or with different specifications tomorrow, as would be true in a volatile product market with unpredictable and rapidly changing consumer tastes. 14 Our use of quality circles as a measure of continuous process improvement is motivated by Koike (1988) and Morita (2005) , who both cite quality circles as essential features of continuous process improvement.
establishments (with the result holding strongly in multi-product establishments but disappearing in single-product establishments). 15 Our reading of Table 3 is that the single-product versus multi-product distinction is likely an important component to explaining why the degree of multiskilling versus specialization varies as it does with product market volatility.
A number of studies address the impact of multiskilling on worker incentives. For example, Carmichael and MacLeod (1993) note that workers often possess information about the best ways to adopt technological change that is unavailable to owners. Workers, in some cases, fear that labor-displacing technological change will make them redundant and so have an incentive to hide this information from owners. By multiskilling workers, firms can credibly commit to retain workers in one task, should they be made redundant in another. This improves incentives for workers to facilitate adoption of technological change.
Carmichael and MacLeod's theory suggests an additional cost to specializing workers not taken into account in our model. Alternatively, our empirical finding suggests that product-market volatility may shift risk from firms to workers by limiting the willingness of firms to offer workers insurance against job loss (in the form of multiskilling). Owan (2001) argues that multiskilling workers makes worker skills substitutable by creating task overlap. This substitutability creates competition between workers, which provides an incentive for workers to acquire firm specific human capital. Ortega (2001) argues that job rotation allows management to observe employee-position matches and thus better optimize matching of workers to jobs. Eriksson and Ortega (2006) provide empirical evidence in support of this claim. Ortega (2001) predicts that there will be more job rotation when there is less prior information about employees' abilities and about the profitability of different jobs. 15 When we estimated the model of Table 5 on the subsample of single-product establishments, we found essentially the same result as in the sample of multi-product establishments. In particular, volatility is associated with a decrease of 5.7 percentage points (or 52 percent) in the probability that quality circles are used. However, precision was somewhat lower in this smaller subsample (560 observations versus 773) and statistical significance is attained at the ten percent level only on a onetailed test (Z = 1.56).
The firm will use job rotation to learn what the optimal worker-job matches are, when faced with imperfect information about which jobs are more profitable or which employees are better at them. Although Ortega does not explicitly address volatility in the product market, it might be argued that with higher levels of volatility, the firm has less information about the profitability of different jobs and will therefore use more job rotation (i.e. less specialization). This result runs counter to our model's prediction and to the empirical evidence we present.
A number of papers discuss the fact that multiskilling facilitates coordination between production units. Hart and Moore (2005) argue that optimal hierarchies will tend to place specialists at the bottom of an organizational pyramid and coordinators (with broader understanding) higher up. Multiskilled workers tend to be managers in their paper and hence its applicability to our work (which focuses on multiskilling by core production workers) is limited. Dessein and Santos (2006) argue that firms face a tradeoff between adaptation and coordination. 16 When firms
give workers the flexibility to respond to local (hence unobservable to management) information, this improves adaptation, but at a cost of coordination. Firms can multiskill workers to improve coordination, though at a productivity cost.
Dessein and Santos predict that "organizations reduce the division of labor as the business environment becomes more uncertain." While our model and empirical results support the opposite contention, it is possible their argument plays a role in the different findings we obtain for single-versus multi-product firms. Arguably the relative importance of coordination versus adaptation is greater for single-product firms, as all workers are producing the same product. By contrast, in a multi-product firm workers on different products may have no need to coordinate with each other across products, 17 thus the relative importance of coordination versus adaptation is likely to be diminished. Recalling that we control for firm size in our empirical analysis, our finding that product market volatility leads to less multiskilling for multi-product firms but that volatility has no effect on multiskilling for single-product firms is consistent with the notion that returns to coordination (and hence multiskilling) may be greater for single-product firms.
Other benefits of a broad job design cited by past authors include productivity gains from task complementarities (Lindbeck and Snower, 2000; Boucekkine and Crifo, 2008) ; improved communication within and between work units and between workers and management (Aoki, 1986; Morita, 2001 and 2005; Wang, 2002) ; improved incentives for workers (Itoh, 1994) ; and contribution to learning by workers and remedy against worker boredom (Lindbeck and Snower, 2000) .
In the introduction, we noted that the key theoretical contributions of our paper are 1) addressing the role of product market volatility in the firm's decision to multiskill workers, 2) highlighting productivity gains to specialization; 3)
highlighting gains from multiskilling in the form of flexible labor allocation; and 4) drawing a link between specialization and increased product innovation by workers.
Regarding the second of these contributions, much of the existing literature considers the main return to specialization to be lower training costs (e.g. Carmichael and MacLeod, 1993 , Garg, et al., 2002 , Wang, 2002 , and Morita, 2005 .
Exceptions that note productivity gains to specialization are Cosgel and Miceli (1999) , Lindbeck and Snower (2000) and Boucekkine and Crifo (2008) . Given that the intuition held by most economists since Adam Smith is that specialization brings greater productivity, we feel it is important to include a more substantial form of returns to specialization in models of multiskilling.
Regarding the third contribution, while a common intuition about the benefit of multiskilling is that it provides flexibility in labor allocation, very little of the existing literature actually focuses on this point. Garg, et al (2002) come closest to our interpretation of the benefits of multiskilling by arguing that the practice gives firms increased flexibility in responding to demand variability. In Garg, et al, firms can reduce inventories of finished goods needed to satisfy customer orders by multiskilling workers so that workers can be shifted to more quickly address production bottlenecks. Firms therefore trade off costly inventories against higher training costs in choosing to multiskill workers. It should be noted that Garg's model does not apply to service firms and other firms that cannot keep inventories of finished goods.
Regarding the fourth contribution, in our model multiskilling brings flexibility in production, but at the cost of a productivity advantage associated with the ability of specialized workers to innovate. This productivity advantage interacts in a crucial way with volatility in the product market. Specialized workers can innovate quickly in response to sudden changes in market conditions in ways that multiskilled workers cannot. Our assumption that multiskilled workers cannot respond as adeptly to changing market conditions as specialized workers can warrants discussion in light of the past literature.
In particular, Koike (1985) , Aoki (1986) and Morita (2005) make reference to the enhanced ability of multiskilled workers to respond to "emergent events" on the production line in a manufacturing context. These include emergencies such as equipment breakdowns, inventory imbalances, and nascent product flaws. Morita (2005) , for example, argues that "multiply skilled employees can make better decisions than single skilled employees concerning how to cope with irregular and emergent events." Wang (2001) makes a similar assumption, in arguing that multiskilled workers can coordinate better with other work units to correct product misspecifications. These authors argue that multiskilled workers respond better to uncertain events, while we argue that specialized workers respond better to uncertain events.
This appears, on the surface, to be a contradiction. However, we argue that it is not. The "emergent events" to which Koike, Aoki, and Morita refer are unexpected events occurring on the production floor-production line volatility. Clearly multiskilled workers provide a potential advantage over specialized workers when something like a machine breakdown occurs because the multiskilled worker on that machine may be able to quickly repair it without calling in a manager or specialized repair person. In examples like this, the key return to multiskilling is flexibility to respond to problems that arise with uncertainty in the otherwise well-defined production of an unchanging product. We can think of this as process innovation.
By contrast, our assumption that it is specialized workers who respond better to uncertain events pertains to a different source of uncertainty-volatility in the product market. In our model, this uncertainty is faced by a multiproduct (or multiservice) firm, not necessarily in manufacturing. In the case of product market volatility, it seems reasonable to assume that a jack-of-all-trades worker will be less capable of adapting a product to changing consumer whims than a specialized worker who is a trained expert in that product. When it comes to product innovation, specialists in those products or services are likely to do a better job than generalists.
The distinction that we draw between our model assumptions and those of Koike, Aoki, and Morita is very similar to that drawn by Carmichael and MacLeod (1993) . They note that "multiskilling firms will exhibit a comparative advantage in 'process' style innovation, which makes it possible to produce given products more cheaply, while single skilling firms will be relatively better suited to 'product' innovations such as the development of entirely new commodities." In our model, positive values of I can be interpreted as product innovations demanded by consumers, and by our assumptions, such innovations are best captured by product experts-specialized workers.
In our model, as in Koike, Aoki, Wang, and Morita, multiskilling provides a form of flexibility that cannot be provided by specialized workers. In all these models, firms face a tradeoff between flexibility advantages of multiskilling and some advantage to specialization. The most fundamental difference between our model and those of Koike, Aoki, Wang, and Morita, therefore, is our incorporation of productivity gains resulting from the increased ability to innovate associated with specialization.
Relatively little empirical work has been done to date to confirm or refute the various theories explaining multiskilling. Simons and Berri (2009) examine the returns to specialization among NFL running backs who perform two primary tasks-rushing and receiving. They find evidence that among players in the top half of the salary distribution there are higher returns to specialization in one of those tasks than to versatility. 18 Carstensen (2002) tests some of the Lindbeck and Snower hypotheses using firm-level data from Germany and finds marginally statistically significant support for some of their hypotheses. Eriksson and Ortega (2006) provide empirical tests of three alternative hypotheses for job rotation: 1) that rotation is useful for employee learning; 2) that rotation is useful for employer learning about job matches; and 3) that rotation keeps workers motivated. Using a Danish data set, they reject the worker motivation hypothesis but provide empirical support for the employee learning and employer learning hypotheses.
Our work contributes to the empirical literature on job design in three ways.
First, we test a new theory of multiskilling and provide empirical results consistent with that model and with the existing theoretical literature. Second, we introduce a new stylized fact to the job design literature-that higher levels of product market volatility are associated with less multiskilling. Third, we contribute to the broadening of the empirical job design literature beyond manufacturing, a sector that has long been in relative decline in most developed economies.
V. CONCLUSION
In this paper we introduced a new stylized fact into the job design literature, namely that multiskilling is more prevalent when the degree of product market volatility is low. The result holds both inside and outside of the manufacturing sector, and it holds only for multi-product (or multi-service) establishments and not for single-product ones. This is the first paper to study how job design varies with the degree of volatility in the product market. Apart from being a novel question and uncovering a new stylized fact, the focus on volatility offers a useful mechanism for deepening our understanding of the firm's decision to multiskill versus specialize its workers, which is a central and fundamental question in job design. To further that aim, we proposed a new theory that explains the empirical relationship between product market volatility and the degree of multiskilling. At the heart of the theory is a tradeoff between the benefits of flexibility in labor allocation (which is offered by multiskilled workers) and the benefits of intensive expertise in product lines (which is offered by specialized workers as opposed to multiskilled workers who, while flexible, are "jacks of all trades and masters of none").
Much of the job design literature derives from a comparison of work practices in Japan versus those in the United States, especially in the 1980s when Japanese manufacturing was ascendant. A common theme from that literature is that the more "flexible" and "innovative" (e.g. Osterman, 1994) work practices of Japan are superior to those in the US. Yet, our findings suggest that while multiskilling may be good for cost-cutting and other forms of process innovation, specialization may yield important advantages for product innovation. This is consistent with the commonly held notion that Asian manufacturers are better than the West at producing products cheaply, but less good at inventing new products.
Thus, our findings suggest a note of caution to firms rushing to embrace multiskilling.
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